Summary 34
In a free-air CO 2 enrichment study (BangorFACE) Alnus glutinosa, Betula 35 pendula and Fagus sylvatica were planted in areas of one, two and three 36 species mixtures (n=4). The trees were exposed to ambient or elevated CO 2 37
(580 µmol mol -1 ) for four years, and aboveground growth characteristics 38 measured. 39
In monoculture, the mean effect of CO 2 enrichment on aboveground woody 40 biomass was +29, +22 and +16% for A. glutinosa, F. sylvatica, and B. pendula 41 respectively. When the same species were grown in polyculture, the response 42 to CO 2 switched to +10, +7 and 0%, for A. glutinosa, B. pendula, and F. 43 sylvatica respectively. 44
In ambient atmosphere our species grown in polyculture increased 45 aboveground woody biomass from 12.9 ± 1.4 kg m -2 to 18.9 ± 1.0 kg m -2 , 46 whereas in an elevated CO 2 atmosphere aboveground woody biomass 47 increased from 15.2 ± 0.6 kg m -2 to 20.2 ± 0.6 kg m -2 . The overyielding effect 48 of polyculture was smaller (+7%) in elevated CO 2 than in an ambient 49 atmosphere (+18%). 50 Our results show that the aboveground response to elevated CO 2 is 51 significantly affected by intra-and inter-specific competition, and that 52 elevated CO 2 response may be reduced in forest communities comprised of 53 tree species with contrasting functional traits. 54
Introduction 59
Forests occupy one third of the land surface of the Earth, and account for almost half 60 of carbon stored in the terrestrial biosphere (Schlesinger & Lichter, 2001 ). In a 61 summary of studies conducted to investigate the effects of increased atmospheric CO 2 62 on forest C cycles, Norby et al., (2005) calculated that an enrichment of 200 ppm CO 2 63 above the current ambient CO 2 level caused a 23% median increase of forest net 64 primary productivity. However, interactions with other environmental factors may 65 dampen such response at larger temporal or spatial scales (Leuzinger et al., 2011) . Körner (2006) has suggested dividing elevated CO 2 studies into theelevated levels of CO 2 was smaller in species-poor than in species-rich assemblages 158 of herbaceous plants. However, although it has long been known that tree seedlings of 159 co-occurring species show differing response to CO 2 (Bazzaz & Miao, 1993) , the 160 influence of elevated CO 2 on tree competition, and the influence of tree biodiversity 161 on community response to CO 2 has not been investigated. 162 The objectives of this work were to investigate the effects of elevated CO 2 163
(580 µmol mol -1 ) on the species and community response of monocultures and 164 polycultures of tree mixtures under field conditions. Using a Free Air Carbon dioxide 165 Enrichment (FACE) system we investigated the aboveground response of 166 monocultures and a three species polyculture of Alnus glutinosa, Betula pendula and 167
Fagus sylvatica to elevated CO 2 over four years. We tested the hypothesis that 168 interspecific competition modifies the response of tree species to elevated CO 2 . 169
Materials and Methods 170

Site description 171
The Bangor of each species with inter-tree spacing of 0.8 m, giving a density of 15,000 tree ha -1 . A 196 systematic hexagonal planting design (Aguiar et al., 2001 ) was used to maximise the 197 mixing effect so that, in the three-species polyculture sub-plots, each tree was 198 surrounded by nearest neighbours of two-conspecific individuals and one and three 199 individuals of the other two species respectively, resulting in each tree having six 200 equidistant neighbours. Each plot was divided into seven planting compartments and 201 planted in a pattern creating areas of one, two and three species mixtures (Fig. 1) . The 202 present study makes use of observations originating from three single species sub-203 Fig. S1 ). The CO 2 used for enrichment originated from natural gas and had a δ 13 C of -233
39‰. 234 235
Biometric Measurements 236
Tree height and stem diameter at 22.5 cm were measured after tree establishment in 237
March 2005 and then February of each following year during CO 2 enrichment (2006-238 2009 ). Tree measurements were taken during the winter dormant phase to prevent 239 growth introduced variation. Tree height was determined using a telescopic pole, and 240 two measurements of diameter were taken perpendicular to each other using digital 241 vernier callipers. To account for elliptical stem shape a geometric mean was 242 calculated. As the initial tree height was less than 137 cm it was only possible to 243 measure diameter at breast height (DBH) in subsequent years as the stand developed. 
Statistical Analysis 300
Regression fitting was conducted using SigmaPlot v11.0 (Systat Software Inc, 301
Chicago, IL.). All statistical procedures were undertaken with SPSS 17.0 (SPSS Inc.,Chicago, IL) with P<0.05 used as the limit for statistical significance. To avoid 303 psuedoreplication the mean woody biomass per unit area (g m -2 ) was calculated from 304 the trees contributing to the single and mixed-species plots and data were subjected to 305 repeated measures ANOVA for time series analyses using the plots as replicates 306 (n=4); equality of variance was tested using Mauchly's test of sphericity. A General 307
Linear Model was used to calculate univariate analysis of variance for data 308 determined at conclusion of the experiment. Data were tested for normality using 309
Shapiro-Wilk's test and homogeneity of variance was determined using Levene's test. 310
Diameter distributions were compared by fitting a normal distribution into the 311 frequency data and testing for differences in the peak diameter by extra sum-of-312 squares F test. 313 314 315
Results
316
Stem diameter and tree height 317
At the conclusion of the experiment, the treatment effect on diameter was most 318 pronounced in single species sub-plots with the largest effect of +14% observed in A. 319 glutinosa (ambient 49.1 mm, elevated CO 2 55.9 mm, P=0.007, Table 1 ). Elevated 320 CO 2 did not change stem diameter of B. pendula or F. sylvatica significantly. 321
We assessed the treatment effects on diameter distributions of all species by grouping 322 all measured trees into ten diameter classes with 10 mm step increment. For A. 323 glutinosa, B. pendula and F. Sylvatica, the most frequent diameter class was 50-60 324 mm, 40-50 mm and 20-30 mm, respectively. The diameter class distribution of B. 325 pendula and F. sylvatica grown in monoculture was not altered by elevated CO 2 326 enrichment (Supporting Information Fig. S2 ). However in A. glutinosa, there was ashift towards larger diameter boles under elevated CO 2 , where 39% of trees had a 328 diameter greater than 50-60 mm, which was in contrast to ambient plots, where only 329 11% of trees were in this diameter class (P=0.021). In polyculture, the mean of the 330 diameter distribution was not altered by elevated CO 2 in any of the species. Tree 331 height was unaffected by elevated CO 2 enrichment in either mono-or polyculture at 332 the end of observation (Table 1) . 333
334
Allometric Equations 335
Height and diameter data gathered from trees in the vicinity of elevated and ambient 336 CO 2 plots were subjected to a stepwise biomass prediction regression. Height was 337 excluded during this analysis, as it did not significantly contribute to the regression 338 model. Ultimately a simple power regression of diameter predicted biomass with the 339 greatest accuracy. Power function scaling coefficients for the three species utilised in 340 this study are shown in Table 2 . There were no changes in allometry due to elevated 341 CO 2 at this stage of tree development and subsequently all species specific data were 342 pooled to produce three allometric relationships with coefficients of variation ranging 343 from 0.78 to 0. we show that species grown in monoculture responded to elevated CO 2 treatment 351 more than those grown in the three species polyculture. Table 3 ). In polyculture, no statistically significant 365 effects of elevated CO 2 were found. 366
The temporal fluctuation in the treatment effect of B. pendula and F. sylvatica grown 367 in monoculture and polyculture became more apparent when the aboveground woody 368 biomass NPP for each year was calculated (Table 5) To summarise, pooled aboveground woody biomass was significantly affected by 394 elevated CO 2 (P=0.022). We also observed a significant positive effect of species 395 mixture (P=0.001), but the interaction was not significant (P=0.534). 396 397
Leaf N content and aboveground NPP 398
Over the course of the experiment, leaf N contents were not significantly affected by 399 elevated CO 2 (Table 6 ). However, we observed a strong increase in foliar N content in 400 time (P<0.001), combined with significant differences between species (P<0. There were considerable temporal differences in the response to elevated CO 2 522 at our site. In the first growing season before canopy closure, all species responded to 523 elevated CO 2 enrichment by increasing total biomass by 27-29%. Stimulation of B. 524 pendula began to decline during the second growing season, whereas the response of 525 F. sylvatica declined during the last two growing seasons -an effect often attributedto acclimation to elevated CO 2 (Ainsworth & Long, 2005) or to nutrient limitation 527 (Oren et al., 2001) . In the present study leaf N was unaffected by elevated CO 2 during 528 all stages of development, and thus it is unlikely that the decreasing overall elevated 529 CO 2 effect is due to N limitation. Due to the history of land use at the site, we did not 530 expect lack of N to limit plant growth within the first four years. In fact, foliar N 531 increased while leaf NUE decreased with time in all treatments, indicating sufficient 532 N uptake. In all species pooled together, leaf NUE was increased by elevated CO 2 and 533 also by growing trees in a mixture. However, we did not observe any differences in 534 leaf NUE in individual species, suggesting that a different mechanism may explain 535 observed species-specific responses. 536
Since we observed an expanding system with at least two canopy levels, the 537 developmental phase of the stand and the strength of competition in our experiment 538 must also be considered. Each species used in this study differs in their shade beginning to understand how changes in elevated CO 2 influenced above-and 636 belowground processes may alter plant community dynamics. 637
In conclusion, atmospheric CO 2 enrichment did not alter species specific allometric 638 relationships. Estimation of aboveground biomass stocks and productivity revealed a 639 differential response to elevated atmospheric CO 2 . Aboveground biomass responses to 640 CO 2 enrichment were species specific and strongly reduced when species were grown 641 in polyculture. In monoculture, A. glutinosa produced the largest and most consistent 642 response, maintaining growth response until the experiment's conclusion. In contrast, 643 the growth response of B. pendula and F. sylvatica diminished with time. In 644 polyculture growth of F. sylvatica was not enhanced by elevated CO 2. Our results 645 suggest that determining how the aboveground biomass response of deciduous species 646 grown in polyculture differs over single species plantations is imperative to improving 647 our understanding of future CO 2 will impact natural forest community dynamics. A. glutinosa 4.1 ± 0.5 3.1 ± 0.2 3.4 ± 0.2 3.7 ± 0.2 4.1 ± 0.0 3.9 ± 0.1 B. pendula 3.0 ± 0.1 2.7 ± 0.1 2.6 ± 0.5 2.5 ± 0.2 3.7 ± 0.1 3.8 ± 0.2 F. sylvatica 2.0 ± 0.1 2.0 ± 0.1 1.6 ± 0.5 3.7 ± 0.1 3.0 ± 0.1 3.1 ± 0.1 Values are mean ± SE, n=4.
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